Introduction
Lactation in red deer, Cervus elaphus, lasts approximately 4 mo if a hind becomes pregnant again, but it can extend to the next rut, approximately 12 mo, if she does not (Clutton-Brock et al., 1982a,b) . Calves suckle four to six times daily for a few seconds per bout (Arman et al., 1974; Clutton-Brock et al., 1982a) . Iberian deer are one of the smallest subspecies of red deer (Jiménez, 1992) , and their size may affect milk production.
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did not seem to affect weight variables of the calf or those of the dam. Calves that gained more weight consumed greater amounts of milk (P < .05). Males were heavier than females at birth (P < .05), but males did not differ from females in their weight at 105 d, milk consumption, and gain. Gender did not affect hind weight, but dams of male calves showed a trend to be lighter (P = .063) at d 105 than dams of female calves.
Our results suggest that suckling differences found in other studies between male and female calves may not involve differences in milk production, although other rearing costs seem to affect hind weight losses. They also suggest that the curve type may not depend only, as reported, on the nutrition plane. (Arman et al., 1974; Loudon et al., 1983; Robbins et al., 1987) . Type II is a decreasing curve (Arman et al., 1974; Sadleir, 1980) that is attributed to a poorer diet (Loudon et al., 1983 . Lactation studies often focus on suckling behavior as a positive estimate of milk transferred (Clutton-Brock et al., 1982a; Gauthier and Barrette, 1985; Cameron, 1998) , although this assumption may not be correct (Cameron, 1998; Cameron et al., 1999) . The most common alternative method for estimating milk production in deer, milking, requires the use of anesthetics and oxytocin, but both may alter milk production and composition (Robbins et al., 1987) . Deuterium oxide is also useful, although it requires conditions rarely met in deer, involves stressful procedures, and overestimates milk intake (Holleman et al., 1975; Cameron et al., 1999) . The double weighing procedure, however, is easy to conduct, but it may underestimate milk transfer (Brown et al., 1982; Butte et al., 1984) and may be more variable than milking (Beal et al., 1990) .
Our objective was to use the double weighing procedure and its derived Gamma function to estimate daily milk production in Iberian deer and to examine the effect of calf sex and type of lactation curve on milk production and weight gains. The experiments comply with animal welfare legislation and guidelines (ASAB, 1991) .
Materials and Methods
Wild-caught 3-yr-old adult hinds (n = 14) were studied. All hinds had reared a calf the previous year. Mating occurred in near free-ranging conditions during the breeding season (September and October) in a game state. Five months before giving birth, hinds were transferred to the university deer enclosures for the remainder of the experimental period. The enclosures occupied a triangle of 100 m on each side.
Calving took place naturally during the months of May and June 1996. All 14 hinds had one calf each (nine males and five females). Calves were groomed by the dam until dry, weighed to the nearest 10 g, and identified. Dams were weighed weekly to the nearest 100 g before being fed.
Both during gestation and throughout lactation, hinds were fed diets based on suggestions by Brelurut et al. (1990) , using barley straw and hay from barley, alfalfa, oat, and sweet beetroot (16% protein). Deer had ad libitum access to feed. Fifteen days after birth, calves had free access to a creep feeder that contained an 18% CP concentrate diet.
Daily milk production in hinds was calculated by weighing calves before and after suckling (double weighing). Once a week from wk 1 to 15, calves were isolated from their dams for 6 h (from 0800 to 1400). They were then weighed and allowed to suckle their dams for 10 to 15 min before being weighed again. Suckling occurred very quickly and took only 1 to 2 min. Only a few suckling bouts were observed during the rest of the suckling period. In a pilot experiment, the filling state of the udders was standardized by isolating calves overnight then allowing them to suckle before the 6-h isolation period was started. However, overnight isolation stressed the calves, often preventing them from suckling during the double weighing tests. This technique was terminated to limit animal stress.
Daily milk production was obtained by multiplying the one daily observation by 4. To avoid social disruption, all calves were weaned on the same day, although for statistical comparisons analysis was conducted on the first 105 d of lactation (15 wk).
The following algebraic model developed by Wood (1967) for cattle was used to obtain lactation curves: y t = a t b e −ct , where y t is the average daily yield in the t th day and a, b, and c are constants. We chose this model rather than that of Jenkins and Ferrell (1984) because the Gamma function can produce curves of Types I and II, whereas the latter can only produce curves of Type I irrespective of the data (our unpublished data).
Statistical Analysis. Milk production and lactation curves were computed fitting the logarithmic transformed data to the regression line derived from the logarithm of the equation given above. The parameters a, b, and c thus estimated were used both to obtain the lactation curves and the estimated daily production. Curves of Type I differed from those of Type II in that b was positive. This criterion was used to classify curves and, thus, to use pooled data from every class of hinds to compute an averaged curve of each type following the previous procedure. Comparisons between weight of the calves at birth (WCB), at 105 d (WC 105 ), the weights of the hinds at these times (WHB, WH 105 ), conversion index (CI 105 ) and milk production up to d 105 with respect to the type of curve (I or II, see below) or the sex of the calf were conducted using specific or general tests of one-way nonparametric ANOVA depending on whether we formulated a priori predictions (Meddis, 1984) . The sex ratio and the association of lactation curve type and sex of the calf were conducted by means of chi-square tests. Spearmann correlation tests were conducted to assess relationships among variables.
Results
Milk production in most hinds fitted significantly to the Gamma function (Table 1) . Lactation curves of Type I had a positive b, and Type II lactation curves had a negative b. Total milk produced as estimated by double weighing correlated with the estimates obtained from the corresponding Gamma function (r s = .938, P < .001, Table 2 ).
Curves differed greatly between hinds ( Figure 1) ; thus, the averaged curve for each type maintained the shape typical of the class but had a poor fit (Table 1 and Figure 1 ). Total milk production over the 105-d period was greater for Type I than for Type II (119 vs 106 kg). This pattern was also observed in Gamma estimates for each hind and double weighing, although results failed to achieve statistical significance (P > .10, Table 2 ). The greater amount of milk produced by hinds with Type I curves did not seem to be caused by the greater energetic needs of their offspring: calves whose dams showed Type I curves were not heavier at birth (P > .10) or at d 105 (P > .10) than those of dams showing Type II curves (Table 3 ). The greater amount of milk produced by hinds with Type I lactation curves was not the result of the weight of the hind or sex of the calf (P > .10). Calves whose dams showed Type I curves were not born earlier than calves whose dams showed Type II curves (16.7 ± 4.5 vs 13.6 ± 3.0 d, P > .10), and there was no correlation between date of birth and calf weight at birth or d 105 (P > .10). Date of birth also did not correlate with milk produced by the hind (P > .10). The gains per kilogram of milk ingested did not differ between groups (P > .10).
The gender of the calf did not have an effect on most variables (Table 3) . Males were heavier than females at birth (P = .026) but not at d 105 (P > .10). There was no difference (P > .10) in weight of the dams gestating males and those gestating females (91.6 ± 2.0 vs 88.3 ± 6.5 kg). Although males weighed more than females at birth, gender of calf did not affect hind weight at birth (P > .10). However, dams of male calves showed a trend to be lighter at d 105 (P = .063) than those that bore females. Males also showed a nonsignificant trend (P = .091) to be more efficient at growing (greater gains per kilogram of milk consumed) than females, although sex did not affect milk consumption (P > .10). Heavier hinds did not have heavier calves (P > .10), and greater growth of the calves did not affect hind weight (P > .10). However, heavier calves at birth were also heavier at d 105 (r s = .803, P = .002). There was also a positive correlation between the weight of the hinds at birth and that at d 105 (r s = .849, P = .001). There was no correlation between weight of the dam at d 105 and the amount of milk produced (P > .10). There was no correlation (P > .10) between the amount of milk consumed up to d 105 and either weight gained by the calf or weight change of the dam during lactation when data from all curves were considered. However, both relationships became significant when only significant curves (Table 1) were used to compute milk production (r s = .65, P = .033 and r s = .617, P = .041).
Discussion
Lactation curves showed a significant fit to the Gamma function in most hinds. The low correlation coefficients in some cases and the lack of statistical significance may be due to using a single weekly observation rather than the daily milking measures by Wood (1967) . Also, milk estimates by double weighing may have less accuracy than amounts obtained by milking (Brown et al., 1982; Beal et al., 1990) .
Despite using a different method (fitting data to a Gamma curve instead of using interindividual means of milk production), our results also show two types of curves similar to those of Loudon et al. (1983 and Arman et al. (1974) . However, when computing the averaged Type I and II curves, the great interindividual variability resulted in a poor predictive value of the model and a similar production of milk for both.
Mean daily production by Gamma estimates (1.13 ± .07 kg/d) and by double weighing (1.16 ± .08 kg/d) were within the range of 1.2 to 2.85 kg reported by Krzywinski et al. (1980) . Arman et al. (1974) found a maximum milk production ranging from 1.53 kg/d to 2.0 kg/d in Type I and from 1.2 to 2.5 kg/d in Type II curves under similar feed conditions, whereas Loudon et al. (1983 found initial milk production values of 1.85 ± .1 kg/d and a peak of 2.20 ± .12 kg/d in Type I curves obtained from individuals on good pastures and 1.4 to 1.6 kg/d in Type II curves found in individuals on poor pastures. In the present experiment, total milk production for 105 d measured by double weighing was 121.4 ± 8.2 kg and that estimated by Gamma function was 118.5 ± 7.8 kg. Arman et al. (1974) found values of milk production in Scottish red deer of 136.2 kg in a lactation period of 150 d. In contrast, Loudon and Kay (1984) obtained 171 kg for 100 d in the same subspecies, and Robbins et al. (1987) reported a milk production of 240 kg for the American subspecies of red deer, the wapiti. The find- ings in the latter two reports constitute far greater productions of milk that those of the Iberian subspecies used in our study.
Type I curves showed the typical pattern of a mammalian lactation curve, which peaks at 2.1 times the calf weight at birth, when milk produced by the dam is no longer able to sustain the calf's energetic requirements and it has to start taking solid feed (Lee et al., 1991) . The peak in our study appears between wk 2 to 4, which coincides with results in other subspecies of red deer (Arman et al., 1974; Krzywinski et al., 1980; Loudon et al., 1983 and other deer species (Robbins et al., 1987) . It is more difficult to explain the cause of Type II curves. Loudon et al. (1983 found these curves in hinds feeding on poor pastures, which explained their smaller milk production. However, Arman et al. (1974) also found Type II curves in hinds with the same diet and feed availability as those showing Type I curves.
There was no association of curve type with sex of the calf, birth weight, or weaning weight. However, this contrasted with findings of , who found calves of hinds Type II curves to be lighter. Perhaps the calves were lighter due to a markedly lower nutrient intake. Our results showed a nonsignificant trend for dams showing Type I curves to lose more weight at birth (P = .089), but as lactation progressed these differences were greatly reduced (P = .242).
Sex of the calf did not seem to exert an effect on most variables. However, males showed a nonsignificant trend (P = .090) to be more efficient at growing, and the weight of their mothers fell progressively below that of dams of females, almost reaching significance level at d 105 (P = .063). The latter result, in contrast with those concerning sex effects, seems to be consistent with those of Clutton-Brock (1982a) , who found several lines of evidence showing that in a more competitive situation (i.e., free-ranging deer inhabiting an island) hinds having male calves bear greater costs than those having female calves.
Date of birth did not seem to exert an effect on weight of the calves, either at birth or at 105 d. This contrasts with findings of Adam and Moir (1987) and Fisher et al. (1989) , who found that early-born calves are heavier or grow faster. In our study, calving took place over a short span of time and might have been too short to allow for significant differences.
Although we used only 14 hinds, Arman et al. (1974) used six hinds, Krzywinski et al. (1980 ) five, Sadleir (1980 seven, and Loudon and others (Loudon et al., 1983 Loudon and Kay, 1984) 17. Small numbers are used due to the difficulties involved in handling wild animals. Despite such constraints, experimental studies on lactation are greatly valued as a more solid estimate of nutrient transfer compared to observational studies (Cameron, 1998) , which are currently thought to be erroneous (Cameron et al., 1999) .
One of the problems that remains to be addressed in this and other studies is whether calves suckle from other hinds in addition to their dams. Such a situation would imply that the lactation curves in those studies are, in fact, intake curves and not milk production curves. Although alloparental suckling does not seem to be very common in our deer (unpublished observations), further investigation is needed to assess its relative importance, particularly by comparing double weighing data with that of milking estimates.
Implications
Sex differences revealed by suckling behavior may not imply differences in milk production, as suggested in some literature. However, hind weight losses during lactation suggest that there may still be sex differences in rearing costs. The correlation between calf weight at birth and that at 105 d might have implications for management. It might be used to select individuals that will be kept as stags, because body weight influences antler weight. The correlation found between weight gained by the calf during lactation and amount of milk consumed might also be useful for management. Any factor that increases milk production would be likely to increase weight gains of the calf.
